ABSTRACT
INTRODUCTION
CDMA systems require synchronization between the received sequence and the locally generated sequence. Once the coarse alignment of the codes has been achieved, the received code phase has to be tracked in order to compensate for the doppler effect and (or) clock rate mismatch. This is done by means of a Delay-Luck Loop (DLL). Second order DLL's are able to track a frequency error without a constant phase error. This capability is important in CDMA mobile communications, where a first order DLL would easily lose lock, [l].
The differential equation of an incoherent secondorder DLL has been programmed. The program allows us to obtain the maximum frequency offset that the DLL can absorb in terms of the natural frequency of the loop. Knowing this we design the optimum loop filter. We have found a formula that gives the minimum achievable timing jitter in terms of the signal to noise ratio, the product of the VCO frequency stability times the system processing gain and the time offset between the early and late codes in the DLL. where a(t) is the tmsmitted PN sequence, b(t) is the data sequence and oo and 8 are, respectively, the carrier pulsation and phase. a(t) takes on values from the set { * I ) each T, seumds (chip period), and b(t) takes on v a l w from the set { * I ) each T d (bit period), whereT,T,. P i s t h e~i v s d~i g~l p o w e r m d~i s t l s e propagation delay to which the DLL must lock. n(t) is white gaussian noise with spectral density G , f l =Nd2. In figure 1, 26 is the off& between the early and late codes, and thebandwidthof t h e b a n d -p~~ filters, B = l / T allows the filtering of the data signal without distortion.
The behavior of the D U can be &scribed by a differential equation, [2]:
In ( where Afvco is the VCO stability and Rc=Ti' is the sequence chip rate. Notice that R, can be expressed as B times the system processing gain (PG). Now, taking (10) with equality and substituting BL/B in (6) we get the expressions for the minimum jitter. As the loop "S"-curve is not periodic, due to the presence of noise the DLL will sooner or later lose lock.
The Mean Time to Lose of Lock (MTLL) is a very important design parameter. We have obtained this magnitude, for the second order DLL, by computer simulation. To obtain the MTLL we run the program until I E I lies outside of the range of values for which the "S"curve is not zero. This is considered as an out-oflock condition and then E is reset to zero and the program is started again. When 100 out-of-lock situations have been counted, the MTLL is approximated by the total processed time (in terms of Bi') divided by 100. Taking Afvco. PG=IU3 we need BL/B=5.3.104 (for 6=0.5) or BL/B=3.533.104 (for 6=0.75) in order to guarantee the lock of the DLL. Assuming these data in figure 5 we plot the logarithm of the obtained MTLL (in terms of Bi') versus the jitter. The square and the triangle marks are the points obtained by simulation. The CUNM presented correspond to an exponential regression that fits quite well to the simulation points. The regression equations are: 
